Abstract. Enclosures are widely used by pastoralists in East Africa. However, the response of herbaceous and woody vegetation to enclosures seasonally grazed by livestock remains poorly understood. This study investigated the effectiveness of traditional enclosures in improving herbaceous and woody vegetation in the Somali Regional State of eastern Ethiopia. Vegetation composition (species composition, diversity and richness) and structure (herbage mass, density and canopy cover) were measured inside and outside a set of enclosures. The enclosures contained higher numbers of desirable species than the adjacent open-access grazing areas. Woody species richness was higher in the open-access grazing areas than in the enclosures, which is attributed to the manual removal of most of the undesirable shrubs and trees in the enclosures by pastoralists. Herbage mass was 2642 and 843 kg of dry matter ha -1 in the enclosures and open-access communal grazing areas, respectively. Herbaceous species diversity was higher in the enclosures than in the open-access communal grazing areas (Shannon-Wiener index: 1.8 v. 1.4, respectively). The enclosures were richer in herb species than the open-access grazing areas (13.5 v. 6.8, respectively), but values for woody species were not significantly different. Overall, we found that establishment of enclosures and the short-term protection from grazing they allow is an option for realising positive vegetation changes that support the local pastoral economy in the semiarid rangelands of eastern Ethiopia.
Introduction
The establishment of enclosures in communal rangelands used by pastoralists is a widespread practice in East Africa (Behnke 1988; Graham 1988; Angassa and Oba 2010) . In the context of pastoral systems in Ethiopia, enclosures are established in response to a widely fluctuating rainfall and declining productivity of communal rangelands (Tache 2011) . Exclosures and enclosures are the common approaches used to rehabilitate the poor condition of rangelands (Verdoodt et al. 2010) . In recent years, these terms have been used interchangeably and led to confusion and misunderstanding (Aerts et al. 2009 ). Exclosures are established for natural regeneration of the native flora through protection of the areas from human and animal interference (Young 1958) . On the other hand, enclosures are areas protected from livestock grazing during the wet season, when the adjacent open rangelands are grazed by livestock (Angassa and Oba 2010; Verdoodt et al. 2010) . The protection from grazing is short-term and livestock are allowed to graze the enclosures when forage from the surrounding rangelands starts to decline (Verdoodt et al. 2010) .
The direction of vegetation change following the removal of grazing livestock from extensively managed rangelands has been a controversial issue. Some studies (e.g. Descheemaeker et al. 2009; Yayneshet et al. 2009; Allington and Valone 2011) documented improvements in vegetation, soil and water infiltration inside exclosures while others (Brand and Goetz 1986; Courtois et al. 2004; Bakker et al. 2010) reported site-specific and minor differences between protected and adjacent grazed areas. This highlights the need to interpret results of studies involving short-and long-term livestock removal from rangelands in relation to specific influential factors (Smeins et al. 1976) .
Autogenic vegetation recovery following removal of grazing animals is not always guaranteed (Snyman 2003) . The nature of specific biotic and abiotic disturbances can strongly influence the timeline of recovery and the recognition of alternative states (King and Hobbs 2006; Papanastasis 2009 ). For example, the availability of a viable soil seed bank (Kinucan and Smeins 1992) , grazing effects on plants (Fuhlendorf et al. 2001) and soil factors (Fuhlendorf and Smeins 1998) can determine the outcome of vegetation recovery following removal of grazing. At the present time, it is difficult to predict the circumstances under which management actions facilitate vegetation recovery or positive vegetation changes from those cases in which changes are very slow or nonexistent.
The Somali Regional State of Ethiopia is a major pastoral ecosystem in East Africa covering~327 000 km 2 , of which~90% is classified as rangeland (Kassahun et al. 2008) . These rangelands have been exposed to high grazing pressures because of extensive livestock production for a long period of time which has led to a reduction in vegetation cover and preferred grass species, depletion of soil nutrients and accelerated erosion (Kassahun et al. 2008) . Following the threshold model (Friedel 1991; Laycock 1991; Lockwood and Lockwood 1993; Briske et al. 2003) , the long-term heavy grazing disturbance in the eastern Ethiopian rangelands may have shifted the vegetation and soils to an alternate state from which recovery is limited (Westoby et al. 1989) . To test this hypothesis, enclosures were used that have been widely used by pastoralists in response to the declining rangeland resources. Napier and Desta (2011) Despite the traditional practice of establishing enclosures in the Somali Regional Sate of Ethiopia, the responses of rangelands to enclosures in terms of attributes of herbaceous and woody vegetation remain poorly understood. It is not clear whether the long-term high grazing pressures that existed in the Somali rangelands has limited the degree to which vegetation in enclosures can change in positive ways that can support improved livestock production for pastoralists. Extensive grassland management that involves enclosures requires further investigation for many reasons; first, results derived from exclosure studies may not be directly applicable to enclosures as herbivores often modify the vegetation (McNaughton 1979) . Second, exclosures represent an all-or-nothing treatment and rarely reflect the non-linear responses of plants to grazing (Watkinson and Ormerod 2001) . Third, the effectiveness of enclosures in restoring specific herbaceous and woody vegetation attributes remains a controversial point; some considered enclosures as a rangeland privatisation strategy and threat to the long-term sustainability of rangelands (Behnke 1988; Fekadu 2009; Flintan et al. 2011) while others have considered enclosures as means of recovering good quality grazing resources (Angassa and Oba 2010; Tache 2011) .
This study was designed to answer whether or not rangeland vegetation in the Somali Regional Sate of Ethiopia responds to the establishment of enclosures over the short-term in the form of improvements in herbaceous (as measured by species composition, species diversity, richness, and herbage mass) and woody (as measured by species composition, species diversity, richness, density and canopy cover) attributes.
Materials and methods

Study area
The study was carried out in the Harshin rangelands of the Somali Regional State in Eastern Ethiopia (9812 0 N and 43831 0 E),~950 km east of Addis Ababa (Fig. 1) . The rainfall in the district is bimodal with a short rainy season from April to May, and the main rainy season from June to August. The mean minimum temperature is~208C and the mean maximum 358C. The mean annual rainfall is 560 mm. The natural vegetation of the study area is characterised as Acacia-wooded grasslands (Le Houérou and Corra 1980) . This study was carried out from September to December 2010, immediately after the main rainy season.
Enclosure management
Twelve pastoralists who owned one <1-ha enclosure and managed their enclosures in a similar way were included in the study. All private enclosures served as dry-season reserve pastures for young and lactating animals. Stocking densities of the private enclosures were highly variable and depended, among other things, on the enclosure size, the level of grass regeneration and establishment, and the household herd size. The regional stocking density was estimated to be~1.4, 56.6, and 3.5 per km 2 for cattle, small ruminants and camels, respectively. The opengrazed areas are exposed to high grazing pressure throughout the year. The enclosures used in the present study were not grazed from September to December 2010 while the open-grazed areas were freely accessible throughout this period. from the margin of each enclosure. The four corners of each plot were marked with wooden pegs. Within each 400-m 2 plot, measurements were made of the woody vegetation variables. Five (four at the corners and one at the centre) 1 Â 1-m quadrats were nested within the 400-m 2 plot for recording herbaceous vegetation attributes. The measurements were made in September when the vegetation was at its peak flowering stage.
Study design
Data collection and analysis
Measurements were made from September to December for all study plots. Herbaceous species composition at each sample site was determined using the quadrat count method (t 'Mannetje and Jones 2000) . Identification of species was done in the field and, when this was difficult, herbarium specimens were collected using plant presses and transported to Haramaya University of Ethiopia for identification. Nomenclature of the plant species followed the Flora of Ethiopia (Hedberg and Edwards 1995) . The identified herbaceous species were classified into four groups using desirability grouping methods i.e. highly desirable, desirable, less desirable and undesirable based on the opinion of herdsmen about their vigour and preference by livestock (Jerry et al. 1989) . Aboveground herbage mass was estimated by harvesting live and dead material to ground level from the five 1-m 2 quadrats. The cut samples were weighed immediately and 30% retained for determination of dry matter content (oven drying at 1058C for 24 h). Species diversity was computed using the Shannon-Wiener index (Krebs 1999) . Species richness was determined by counting all herbaceous and woody species within the sample plots.
In the 400-m 2 plots, woody species, regardless of being single stemmed or multi-stemmed, were recorded and the number of individuals of each tree and shrub species counted to estimate the density of woody vegetation. The canopy cover of woody species was estimated by measuring two canopy diameters at maximum and minimum diameters perpendicular to each other (GreigSmith 1983) .
Data collected from the plots were averaged for each of the 12 enclosures and 12 adjacent open-access communal grazing areas for statistical analysis. Species composition of enclosures and grazed areas was analysed using descriptive statistics. Data on species diversity, herbage mass, density (square-root transformed to stabilise the variance) and canopy cover were subjected to ANOVA using a general linear model to determine the fixed effects of management type (enclosure v. open grazing) on vegetation. Due to a Poisson distribution, species richness data were subjected to a generalised linear model (Nicholls 1989 ) with a log link function (Pausas 1994) . Vegetation variables measured in the enclosures and open-grazed areas were compared using a two-tailed t-test after running Levene's equality of variance test, which resulted in non-significant differences for all measured vegetation variables. All analyses were done using Minitab version 14 (Minitab 2003) . Differences were considered significant at P < 0.05.
Results
Species composition
A total of 66 grass and forb species were identified in the study area. About 28.6% were classed as highly desirable and 10.5% as undesirable species (Table 1) . Of the grass species, 47.4, 42.1, and 10.6% were classed as highly desirable, desirable and less desirable, respectively. Cenchrus ciliaris and Aristida spp. were among the species present only in the enclosures whereas many of the forbs, such as Abutilon sp., Gomphocarpus sp., Hibiscus sp., and Indigofera sp., and the less preferred grasses, such as Tragus sp. and Setaria verticillata, were recorded in the open-access grazing areas.
A total of 15 woody species were recorded in the study area and eight of these were Acacia spp. Seven of the woody species were recorded in the open-access grazing areas and only three species were restricted to the enclosures (Table 2 ). There were more Acacia species than the other woody species in both the enclosures (5 v. 3 species) and open-access grazed areas (7 v. 5 species).
Species diversity, richness and herbage mass
Herbaceous species diversity was higher in the enclosures than in the adjacent open-access grazed areas (t = 2.61; d.f. = 16; P < 0.01) -whereas woody species diversity did not differ between the enclosures and open-access grazing areas (t = -1.51; d.f. = 16; P = 0.15) ( Table 3 ). Herbaceous species richness was higher in the enclosures (B = -0.42; P = 0.001) while woody species richness was similar between the enclosures and openaccess grazing areas (B = 0.08; P = 0.55) ( Table 4 ). The herbage mass in the enclosures was 3 times higher (t = 7.10; d.f. = 18; P < 0.001) than in the open-access grazing areas (Fig. 2) .
Density and canopy cover of woody species
The mean density of woody species was lower in the enclosure areas than in the adjacent open-access grazing areas (t = -3.23; d.f. = 21; P < 0.01). On average, the open-access grazed areas supported 1.8 times more number of trees and shrubs than the enclosures (Fig. 2) . Acacia etbaica and Acacia nilotica had the highest density in the enclosure areas whereas Acacia etbaica, Acacia bussei and Acacia nilotica were the three most abundant species in the adjacent open-access grazing areas. Canopy cover of woody species differed (t = -2.50; d.f. = 20; P < 0.05) between the enclosure and open-grazed areas, with lower values recorded inside the enclosures.
Discussion
In contrast to the limited vegetation changes expected in the threshold model (e.g. Briske et al. 2003) , rangeland vegetation in our study area was able to respond positively in terms of a range of desirable attributes following removal of grazing pressure. Viewed from the perspective of pastoralists, there were positive changes in species composition, diversity, richness and herbage mass. It should be noted, however, that such changes should not be considered as 'restoration' or 'recovery' because many rangelands in East Africa have been exposed to long evolutionary grazing pressure, which makes defining the original vegetation type problematic (Backéus et al. 1994) .
Species composition
Herbaceous species composition clearly differed between the enclosure and open-access grazed areas with desirable species being more prevalent in the enclosures and the undesirable ones dominating the open-access grazed areas. Desirable grass species, such as Aristida adscensionis, Bothriochloa insculpta, Cenchrus ciliaris, Eragrostis superba and Eriochloa colonum, were only found in the enclosure areas. Fuhlendorf et al. (2001) identified a clear effect of grazing on the relative composition of short and intermediately tall grass response groups.
A plausible explanation for the difference in species composition of enclosures and open-grazed areas is the presence of viable soil seed banks in the enclosures. Kassahun et al. (2009) recorded large viable soil seed banks inside enclosures established in the same region. It has been suggested that the recovery of vegetation after removal of grazing depends on several factors including the availability of soil seed banks (Kinucan and Smeins 1992) . Solomon et al. (2006) reported the presence of viable soil seed banks in the grazing reserves of the Borana rangelands in southern Ethiopia where enclosures are widely used by pastoralists. Tessema et al. (2012) indicated that the top 5 cm of soil contained diverse species compared with the sub-soil in grazing areas released from heavy grazing pressure. Grass species, such as Cynodon dactylon, Eragrostis cilianensis, Chrysopogon aucheri, Dactyloctenium aegyptium, Dactyloctenium scindicum and Panicum atrosanguineum, were found in the enclosures and open-access grazed areas, but abundance was lower in the latter. The rare presence of highly desirable and nutrient-rich species, such as Cynodon dactylon, in areas where grazing pressure was high might be related to its prostrate and short stature growth (McNaughton 1984; O'Connor and Roux 1995; Treydte et al. 2006) . On the other hand, less desirable grass species, such as Setaria verticillata, Sporobolus marginatus, Tragus berteronianus and Tragus racemosus, were found only in the open-access grazed areas due to their low preference by grazing livestock. As indicated in the work of Gemedo-Dalle et al. (2006) , the limited spatial distribution of the highly desirable grass species with grazing pressure might be an indicator of the deteriorating condition of rangelands. Differences in the composition of woody species due to enclosure were apparent in this study. Species, such as Acacia nubica and Grewia ferruginea, were found only in the enclosure areas and species, such as Acacia tortilis, Acacia abyssinica, Acacia oerfota, Acalypha fruticosa, Aloe sp., Balanites aegyptiaca and Solanum sp., were widespread in the open-access grazing areas. The low density of woody species in the enclosures is mainly due to the removal of most of the undesirable shrubs and trees by the pastoralists.
Species diversity, richness and herbage mass
Species diversity of herbaceous plants was higher in the enclosures than in the open-access grazing areas where there was high grazing pressure (Table 3 ). This result also complements previous findings that areas protected from grazing yield higher species diversity compared with adjacent freely grazed areas (e.g. Yayneshet et al. 2009; Angassa and Oba 2010) . According to the generalised grazing effects model of Milchunas et al. (1988) , semiarid areas with long histories of herbivory will display a slow decline in species richness with increasing grazing intensity due to compensatory growth. The results on species richness in this study do not support this as higher species richness was found when the grazing pressure was reduced. Heavy grazing severely impedes the regenerative ability of native pasture species and results in a decline in species richness due to the local extinction of preferred species (James et al. 1999; Fensham et al. 2010) .
Grazing by livestock had a major negative influence on herbage mass in the open-access communal grazing areas compared with the enclosures. The increase in herbage mass in enclosures could be linked to the seasonal reduction in grazing pressure and subsequent accumulation of soil organic matter during the wet-season resting period (Mekuria et al. 2007 ). For Australian semiarid rangelands, Ash et al. (2011) reported that there exists a possibility for increased biomass under appropriate wet-season resting periods. The herbage mass recorded in our study sites is higher than the herbage mass reported for similar pastoral systems in Ethiopia (Abule et al. 2007; Angassa et al. 2012) . The relatively higher herbage mass measured in the eastern Ethiopian rangelands could be attributed to site-specific variations in rainfall, evapotranspiration, edaphic factors and a rather low density of woody species, which has been shown to increase soil nutrient status and thus encourage grass-growing conditions (Belsky et al. 1989; Treydte et al. 2008) .
Density and canopy cover of woody species
The open-access grazing areas had more woody species than the enclosures. Pastoralists in the study area are conscious of the potential threat of woody species and frequently clear most of the shrubs and trees not preferred by livestock on their rangelands. This has played a role in controlling the encroachment of woody species, which is reported to have negative impacts on the cover of preferred grass species (Walker et al. 1981; Ward 2005; GemedoDalle et al. 2006; Angassa and Oba 2010) .
The overall density threshold for woody species to pose a threat of bush encroachment is estimated to be more than 2500 tree equivalent ha -1 (Richter et al. 2001) . For the southern Ethiopian rangelands, Billé (1982) recorded 1100 tree equivalents ha -1 as a threshold for a woody encroached state. The density of woody species measured in the open-access areas was not large enough to be recognised as a woody-encroached state that substantially suppresses the herbaceous layer. Similarly, the canopy cover of woody species is below a threshold level that is regarded as a threat for herbaceous species through competition (Roques et al. 2001 ). These observations suggest that differences in the herbaceous strata between enclosures and open-access areas are driven more strongly by grazing impacts than by woody species removal. In general, the current density and canopy cover of woody species in both the enclosures and open areas are unlikely to be threats to the livelihood of pastoralists who make extensive use of the eastern Ethiopian rangelands through grazing by livestock.
Conclusions
This study has demonstrated that key vegetation attributes responded positively to the establishment of enclosures. There were greater numbers of highly desirable and desirable grass and forb species inside the enclosures than in the open access to grazing areas. The diversity, richness and biomass of herbaceous species were significantly higher in the enclosures than in the adjacent open grazing areas. It can be concluded that from an ecological point of view, the wider adoption of enclosures is positive but the socioeconomic implications of such expansion warrant further investigation.
